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1.0 | NTRODUCTI ON

1.2 PURPGCSE

Thi s document details the contam nation controls and nonitoring methods,
which will be inplenmented to ensure that the Hubbl e Space Tel escope (HST)
Wde Field Canera 3 (WFC3) will be delivered to orbit in a condition neeting
the contam nation requirenments specified in STR- 29, "Hubble Space Tel escope
Servicing M ssion Contam nation Control Requirements."” This docunment also
addresses the internal requirenents specific to the instrument, while
under goi ng manufacturing, assenbly, integration, test and crew

fam liarization activities at Swal es Aerospace (SWALES), Ball Aerospace
(BALL), Goddard Space Flight Center (GSFC), and Kennedy Space Center (KSC)

1.2 SCOPE

Thi s document specifies the inplenentation of the WFC3 cl eanl i ness

requi renents from manufacturing through |Iaunch. Were a conflict exists

bet ween this docunent and another contami nation control plan, the nore
stringent requirenents nust be followed. Wrk perforned at BALL nust conply
with this document and with BALL Systens Engi neering Report WC3- SYS-010,
“Wde Field Camera 3 Contamni nation Control Plan.”

The facility / test specific sections of this docunent are intended to be
copied into the respective test plans or procedures. The sequence in which
the testing is perforned does not affect the contamination controls. Al work
orders or procedures, which transport W?OC3 hardware between clean areas
shoul d incorporate the controls specified in the transportation section of

t hi s docunent.



P442- 2491

2.0 APPLI CABLE DOCUMENTS

BPS 21. 04

FED- STD 209

M L- STD 1246

JSC- SN- C- 0005

NSl 35-01-203

NSI 35-01-205

P- 442- 1466

STR 29

WFC3- SYS- 010

Cont ami nati on Control, Cl ean Rooms, and C ean Benches

Cleanroom and Wrk Station Requirenents, Controll ed

Envi r onnent

Pr oduct Cl eanl i ness Level s and Cont am nati on Contr ol

Program

Contamination Control Requirenments for the Space Shuttle
Pr ogr am

SSDI F Cd eanroom Operati ng Procedure

Routine Cl eaning of the SSDI F Cl eanroom

Sci ence Instrunent Purge Cart Operating Procedure

HST Cont ami nation Control Requirenents

Bal | Systens Engi neering Report: WC3 Contam nation Control

Pl an
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3.0 CONTAM NATI ON REQUI REMENTS

3.1 HST | MPOSED REQUI REMENTS

These requirenents are inmposed by STR 29, “HST Contamination Control

Requi renent s”.

3.1.1 Internal to the Aft Shroud

The exterior surfaces of the hardware nust neet Level 400B per M L-STD- 1246.
When held 10 OC above their on-orbit maxinum predicted tenperature, the
conponents rnust outgas no nore than 1.56x10 9 g/ cm?/hr  of materials

condensible at -20 OC. Aft Shroud hardware may be exposed only in class
10, 000 cl eanroom environnents. The WFC3 instrument will be internal to the
Aft Shroud.

3.1.2 External to the Aft Shroud

Hardware which is external to the Aft Shroud nust neet Visibly Cean Highly
Sensitive per JSC SN C-0005, and have an outgassing rate which does not
degrade the thermal performance of the HST Milti Layer Insulation (MI) or
Aft Shroud surfaces. Non-Aft Shroud hardware may be exposed in class 100, 000
or better cleanroom environnents. The painted surface of the WC3 radiator
is exposed outside the Aft Shroud; however, it shall be treated in the sane
manner as hardware which is internal to the Aft Shroud.

3.1.3 G ound Support Equi pnent

Ground Support Equipnent (GSE) which cones in contact with HST flight
hardware nust be cleaned to the surface cleanliness of that hardware. GSE
which will be used in a vacuum chanmber must be baked out to a rate which wll
not contanminate the flight hardware; this rate nust be determned by
nmol ecul ar transport analysis for each test configuration. GSE used in a
cl eanroom but not in contact with flight hardware shall be cleaned to Visibly

Clean Highly Sensitive, with less than 2 ng/ft2 of NVR
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3.2 WGC3-1 MPOSED REQUI REMENTS

The WFC3 contains contam nation sensitive detectors and optics. These

contami nation sensitive conmponents are contained inside the optical
bench (OB) cavity and are isolated fromthe el ectronics boxes, whi ch
are nounted in the space between the OB exterior and the

i nstrunment encl osure. There are two optics performance goals that are

i nfl uenced by contam nation. They are polarization and throughput

degradation. Table 3-1 defines these goals.

TABLE 3-1 : CONTAM NATI ON PERFORMANCE GOALS
OPTI CAL

Pol ari zat i on:

UVIS (200 <1 < 1000 nn: < 6.5%
IR (850 < | < 1750 nm): < 5%
SPECTRAL

Thr oughput Degradati on:
UVIS (200 <1 < 400 nm: < 6% per surface at EOL ( 5 years)
IR < 1% per surface at EOL (5 years)

The surfaces npst sensitive to contami nation are the WFC3 optics. The |oss
on these surfaces occurs due to obscuration caused by settled particle and
phot on absorption in the NVR deposits. The contam nation budgets will be
driven by the losses in the WIS channel at 200 nm because the absorption

coefficient is larger in the UV than in the IR

3.2.1 Internal Surface C eanliness

Flight hardware for WOC3 nust be Level 400A/2 to keep the optic surface
obscuration at less than 0.1% The optical bench and all hardware in the
optical cavity, however, nust have a surface NVR level of 0.2 ng/ft? at
beginning of life and 0.5 ng/ft? at end of life. The optical bench nust have

an outgassing rate as described in 3.2.2. NVR on optics nmust be |ess
than 15 ng/cn? (15 Angstroms) at |aunch and less than 30 ng/cnf (30
Angstrons)and produce less than 6% degradation of throughput at end of

life.

10
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3.2.2 Conponent Qutgassing Rates

Non-netal lic hardware nust be baked at the naxi mum all owabl e tenperature up
to 125 OC until the outgassing rate is less than 4.33x10¥® g/cnf -s of

material condensible at -20 OC. Parts similar to those of previous BALL
prograns nmay be baked out using a tinme-tenperature conbination which has been
shown to produce the desired outgassing rate.

Components internal to the Optical Bench, and the bench itself, nust be
certified at +30 OC. To minimize thermally induced novenment, the optical
bench bakeout is limited to 60 O9C. The collection tenperature shall be -40

O0C, and the total outgassing from the bench and optical conponents nust be

less than 3x10° g/s (this number wll be updated as the WC3 nodel is
refined). This rate will assure that the Refractive Corrector Plate, which
operates at —40 OC, will collect no nore than 300 Angstrons of deposition by

the end of life.

Ot her hardware nust be certified at 10 OC above the nmaxinum predicted
operating tenperature. Were practical, QM data nmust be taken with the QCM

at —40 9C and the hardware at +15 9C and 0 ©C. This data will be used in the
WFC3 cont am nati on nodel .

3.3 CONTAM NATI ON BUDGET

The nature of spacecraft manufacture, assenbly, and integration is such that
parts are easier to clean at lower levels of assenbly, and parts are nore
likely to require operations outside of a cleanroom at Ilow levels of
assenbly. Al though cleaning occurs whenever a part is integrated into a
hi gher | evel assenbly, contamination will accumulate in the areas which becone
i naccessible. This accumulation will be nonitored by witness plates. If the
| evels specified in figures 3-1 and 3-2 are exceeded, cleaning nust be
perfornmed. The optical requirenments driving these contamnation |evels are as
fol |l ows:

UVIS: 200<l <400 loss < 0.02 per surface at delivery to GSFC

loss < 0.03 per surface at delivery to KSC

11
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loss < 0.04 per surface at launch
loss < 0.06 per surface at EOL (5 yrs)

IR : 1000<I <1600 loss < 0.004 per surface at delivery to GSFC
loss < 0.006 per surface at delivery to KSC
loss < 0.007 per surface at launch
loss < 0.01 per surface at EOL (5 yrs)

Optical degradation budgets for the individual optics are specified in the

BALL Systenms Engineering Report WFC3- SYS- 10, “Wde Field Canera 3
Cont ami nation Control Plan”.

Figure 3-1: NVR Contam nation Budgets

OBench NVR
@ Electronics

O External NVR

Optics Integration Delivery to GSFC WFC3 Env. System Thermal  Delivery to KSC SIPE Insertion EOL
Testing Vac.

12
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Figure 3-2: Particle Contam nation Budgets

450
OBench Particles
O Electronics Particles
0O External Particles
400 {—
350
300
250 +—|
200 . . . . .

Optics Integration Deliveryto GSFC ~ WFC3 Env. Testing System Thermal Vac.  Delivery to KSC SIPE Insertion EOL

13
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4.0 | MPLEMENTATI ON
4.1 HARDWARE SPECI FI C CONTROLS

4.1.1 Instrunent shell/encl osure

The Wde Field Planetary Canmera 1 (W/ PC-1) enclosure nmust be re-used to the
extent possible. This structure nmust be processed in a class 100, 000 or
better clean area during de-integration of the WF/ PC-1 conponents. Prior to
WFC3 assenbly, the enclosure nust be cleaned and verified to an NVR |evel of
0.2 ng/ft? and a particulate level of 400 in accordance with M L-STD 1246
Conposite piece parts must be cl eaned using solvents or detergents approved
by GSFC. Once clean, this structure nmust be processed in a class 10, 000

cl eanr oom

4.1.2 Optical Bench

The optical bench (OB) nust be cleaned and verified to an NVR Ilevel of 0.2
mg/ ft? and a particulate |level of 300 in accordance with M L-STD-1246. After

i ntegration, the optical bench rmust be naintained at |level 400 A/5 or better.

Conposite sheets nmust be cleaned using the foll ow ng sol vent sequence:
Acetone, Simple Green, |IPA These parts shall be cleaned until a water-break
test indicates that surfaces are free of contami nants and then be covered and
dried in an oven. Parts shall be covered when not being worked on. After
consolidation into honeyconb panels, the parts shall not be exposed except in
a class 100,000 or better environment. C eaning of honeyconb panels will use
| PA, taking care not to allow solvents into the honeyconb through vent

openi ngs.
Representative conposite sanples (approxi mately 2x2 inches) nust acconpany
the hardware through all processing. Sanples consisting of both face sheet

and honeyconb structure nust be used.

Inserts nmust be provided on the OB to support optical witness nmirror sanmple
mounts. The OB nust be vacuum baked and the OGR TQCM certified to

14
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par. 3.2.2. After vacuum bakeout, the OB nust be bagged and

purged to the greatest extent possible.

4.1.3 Electronics

Only approved materials nust be used in the el ectronics boxes. The box shells
must be cleaned to Level 400A/2 before installation of the cards. After
card installation, the electronics boxes nust be individually baked out at

t he maxi mum al | owabl e tenperature until they reach the requirenents of
Section 3.2.2. The external surfaces of the boxes nust be nmaintained at Leve
400A/ 2.

Cabl es nmust be layed up in a clean environment using nitrile or |lates gloves.

After assenbly, cables nust be cleaned to Level 400 A/5 and vacuum baked

to the requirenents of par. 3.2.2

Connectors nust be precision cleaned or inspected with a 10x nagnification to
verify the absence of particles. Connector inserts shall be vacuum oven baked

in accordance with GSFC or Ball recomendati ons.

If an electronics box is to be tested outside a class 10,000 cl eanroom
foll owi ng bakeout, the vent holes and connectors nust be covered, and surface

recl eaning to Level 400A/2 is required.

4.1.4 Radiator

The WF/ PC-1 radiator will be stripped and recoated. Prior to recoating, the
radi ator must be cleaned to Level 300A. Once the radiator is coated with
silicate paint, the painted surface must be considered a no-touch area. This
surface nust be draped with bagging material whenever possible. The coated
radi at or nust be doubl e bagged when not in a class 10,000 clean area. Heat

pi pes nust be cleaned to Level 400A before integration with the radiator. The
non- coat ed portions of the radi ator/heat pipes nmust be cleaned and verified
to an NVR Ilevel of 0.5 ng/square foot and a particulate |evel of 400 before

integration with the rest of W-C3.

15
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4.1.5 SOFA/ Shutter Assenbly

The WF/ PC-1 SOFA nechani sm nust be refurbished for use in WFC3. The conponent
parts rmust be precision cleaned to Level 400 A/5. Only baked out Braycote 601

or 602 or dry lubes shall be used as a lubricant for the notor and

mechani sns. The OGR nust be certified to the requirenents of par.
3.2.2 before delivery and integration into the OB.

4.1.6 IR Filter Wheel Mechani sm

The IR filter wheel mechani sm notor nust be |ubricated with baked out
Braycote. The conmponent parts must be precision cleaned to Level 400 A/5 and
baked out at their maxi mumtenperature until they neet the outgassing

requi renents of section 3.2.2.

4.1.7 M Tip/Tilt Mechani sm

The ML tip/tilt mechani sm notor nust be lubricated with baked out Braycote.

The conponent parts nmust be precision cleaned to Level 400 A/5 and be baked
out at their maxi mum tenperature until they neet the outgassing requirenents
of section 3.2.2.

4.1.8 UWVIS Detector

The WVI'S detector enclosure protects the detector from contam nation
originating in the instrument or the instrument environment. To maintain the
requi red vacuumlevels in the detector enclosure, the enclosure nust be
vacuum baked for an extended period of tine. Total gas load is of concern for
t hermal reasons, and hydrocarbon sources are of concern if outgassed species
condense on the CCD. After initial conditioning, exposure to atnospheric
gases will not increase the hydrocarbon outgassing rate. However, even
exposure to ultrapure nitrogen will cause surface adsorption of gas and

require reconditioning of the detector housing.

Al surfaces internal to the detector housing shall be cleaned to Level 300
Al'5 or better.
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A vent tube will be used to maintain the detector vacuum on the ground, and
will be open to space on orbit. This tube nust be capable of being connected
to and di sconnected fromthe GSE vacuum punp without |osing the vacuum For
EVA purposes, no trapped pockets of gas are allowed in the plunbing. Vent
tube dianeter shall be nmaxim zed within the stiffness constraints inposed by
the load and vibration |imts on the detector housing. The bakeout required
to reduce the outgassing to an acceptable level will be determ ned after the
vent tube design is finalized, as the conductance of the tube will be a

significant factor.

4.1.9 WIS Calibration Lanp

The design of the UVIS calibration systemis intended to prevent

contami nation of the calibration lanp(s). To prevent externally induced
degradation of the WFC3 cal |anp, nolecul ar adsorbers may be required in the
vicinity of the lanp. Testing and anal ysis of the calibration system nust be
perforned to validate the cleaning and assenbly process, and to determ ne
whet her or not adsorbers are required. |If required, the adsorber units nust

be replaced after thernmal vacuumtesting.

4.1.10 IR Detector

The detector enclosure is conpletely inside the “cold enclosure” which runs
at 233K on-orbit, while the HgCdTe focal plane runs at 150K. Because of the
packagi ng geonmetry of the “cold enclosure”, the only surface that runs a high
ri sk of collecting contam nants during operation on-orbit is the outer
surface of the Refractive Corrector Plate. The IR detector housing has a vent
tube and is subject to the same controls as the UVIS detector housing
(Section 4.1.8).

4.1.11 R AF

The Radial Instrument Alignment Fixture (RIAF) has been used for the optica
verification of WR// PC-1 and WF/ PC-2. The fixture consists of a framework with
instrunent |atches, and a tube containing a |ight source and optical el enments
to generate a |light beamwi th the same focus and aberation characteristics as
t he Hubbl e Space Tel escope. The pickoff mrror of the WWC3 will be inserted
into an opening in this tube. Because WF/ PC-1 had an aperture w ndow,

contami nati on sources within the RIAF were not considered a problem W/PC- 2,
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whi ch did not have any w ndows between the pickoff mirror and a detector
running at —70 C, devel oped an insert for the R AF tube to bl ock

contami nation fromthe fixture

Prior to use, the RI AF shall be baked out and certified in a vacuum chanber
by placing a QCMin the tube where the pickoff mrror will be. If necessary,
t he contam nati on bl ocking insert will be used. The tenperatures of the
insert and the RIAF tube will be adjusted until an acceptabl e nol ecul ar fl ux
is measured with the @QCM at —40 C. The required flux is TBD, based on

nodel I i ng of the WFC3 t hermal vacuum set - up.

4.2 MANUFACTURI NG

4.2.1 Machi ne Shop

Most of the hardware manufacturing will take place in areas exceeding a
| evel 300, 000 cl eanliness specification (FED STD 209D). During manufacturing

the follow ng handling requirenents nust be followed:

1. Duri ng contami nation generating operations such as drilling,
wel ding, etc., contam nants (netal chips, dust, and so forth)

nmust be vacuumed off the hardware as they are generated.

2. Lubricant deposits (grease/oil) nust be cleaned off i mediately

by using a clean w pe danpened with an al cohol sol vent.

3. VWhen appropriate (drilling, cutting), alcohol rmust be used as a

cooling agent / lubricant.

4. Prior to applying coatings or paints, surfaces nmust be cl eaned

and visually inspected as per the coating application procedures.

5. Al'l areas which becone inaccessible during the fabrication and
assenbly process nmust be thoroughly cl eaned using a solvent and
then inspected by QA to Visibly Clean, Sensitive prior to
becom ng i naccessi bl e. Areas which cannot be cl eaned nmust be
sealed (e.g., placing flight approved tape over a crevice) to

prevent |ater contam nation of nearby surfaces.
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6. After manufacture is conplete, the part nust be w ped, blown with
filtered, oil-free air, or vacuunmed free of debris. Parts smaller
than 12 inches in diameter nmust be placed in a polyethyl ene, RCAS
4200, Lunuall oy, or other approved bag for handling. Larger parts
nust be wapped with bagging material; if required, cut-outs may

be made for lifting points.

Work performed at BALL nust conply with BALL Systens Engi neering Report W-C3-
SYS-010, “Wde Field Canera 3 Contamination Control Plan.”

4.2.2 Harness/ Cabl e Manuf act ure

The cables used in WC3, or in a vacuum chanber wi th WC3, nust be assenbl ed
frompre-cleaned Teflon coated wire that is wi ped dowmn with | PA and handl ed
with | atex gloves during the assenbly process. The assenbly nust be perforned
on a table which is nmaintained free of grease, oil, flux, or other

contam nating residues. The wire may be pre-baked at 80-125 °C for schedul e
pur poses. Connector inserts and grommets, unless delivered pre-baked by the
vendor, nust be pre-baked in accordance with GSFC code 541 (Materials

Engi neeri ng Branch) guidelines, typically a 150 - 200 °C vacuum oven bake for
24 - 48 hours. After assenbly, the harnesses nust be baked out and certified
to neet the requirements listed in Section 3. After bakeout, the harnesses

nmust be doubl e bagged when not in a class 10,000 cl eanroom

4.2.3 Mtors and CGear Assenblies

Many of the nbtor and gear assenblies will be provided by vendors w thout
adequate verification facilities. Because these parts cannot be internally

cl eaned after assenbly, the piece parts nust be shipped to BALL or GSFC for

cl eani ng and bakeout, then returned to the vendor for final assenbly. Vendors
must have a cl ean-bench for assenbly. Baked out Braycote or a dry |ubricant

nust be specified as the internal lubricant for these assenblies.

4.2.4 (O ean Room Operations

Sonme manufacturing operations will occur within a cleanroom and may

interface with higher |evel assenblies. Wen this occurs, all hardware nust
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be cleaned to the level of the cleanest part. During cutting, shaping, or
drilling operations, a HEPA filtered vacuum nust be enpl oyed to coll ect
particles as they are generated. Potting and staking operations nust ninimze
t he amount of epoxy used; any drips or spills nust be i mmediately cl eaned and
the CCE nust be notified. Al tools, including pens and markers, nust be
approved and cl eaned to VCHS

4.3 ASSEMBLY

Itenms must be cleaned prior to assenbly. Surfaces nust be free of grease/oils
and crevices/holes nust be vacuunmed to renove chips or particles. Unless

ot herwi se specified, flight hardware nust be cleaned to Level 400 A/5.

Cl eanliness requirenents for hardware may be found in Section 3 and Section
4.1. In nost cases, assenbly of subsystens will occur in a better than class
10,000 cl ean area. C ean area cleanliness |evels nust be nonitored as
specified in Section 6. Worrk perforned at BALL nust conply with BALL Systens
Engi neeri ng Report WFC3-SYS-010, “Wde Field Canera 3 Contam nation Contro

Pl an.”

Duri ng assenbly, hardware should be cleaned and i nspected at regul ar
intervals to prevent violation of the contam nation budget. The cleanliness
of optical components shall be neasured using witness mrrors. Optical
conponents nust be cleaned by BALL or GSFC optical personnel only. The

foll owi ng procedure nmust be used for piece parts which are di sassenbl ed at

the end of each buil ding stage:

1. Al'l surfaces, holes, perforations, and crevices nust be cl eaned
wi th al cohol using clean wi pes or swabs. Painted surfaces nmust be
treated separately. Continue cleaning until surfaces appear
visually clean and until no contamination is visually seen on

W pes.

2. I f necessary, vapor degrease the surfaces with an approved
sol vent. (Hal ogenated sol vents are absorbed by plastics and | ater
| eached out or outgassed. Therefore, if plastics are to be vapor

degreased, a bakeout nust be required.)

3. I nspect visually with white Iight.
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4. Record the results in a certification |og or equival ent.
The follow ng procedure nmust be perforned prior to the final assenbly:
1. Vacuum the entire surface of the previous assenbly, giving
special attention to crevices, riveting surfaces and hol es, and

anywhere particul ate contam nation m ght be | odged.

2. Using dry nitrogen, blow all crevices and riveting surfaces.
Vacuum of f any particulate matter that may remain.

3. W pe surfaces with al cohol.
4, I f necessary, vapor degrease these surfaces using an approved
sol vent .

The follow ng procedure nmust be used during and after assenbly:

1. W pe surfaces as contam nation is generated (riveting, etc.).

2. I nspect surfaces for accumrul ated contam nation. C ean as
required.

3. Clean all surfaces of generated contami nation after assenbly is

conplete. Follow the sane cl eaning procedures as followed prior
to assenbly.

4, I nspect and record the results in a certification log or
equi val ent .

4.3.1 Electronics Boxes

The Renote Interface Unit (RIU is GFE and will be provided cl ean by GSFC
The ot her electronics boxes will be assenbled in accordance w th GSFC
standard practices for assenbly of electronic conponents. After the cards are
assenbl ed and confornmal coated, they nust be vacuum cl eaned and installed
into their boxes. The popul ated el ectronic boxes wi |l be baked out at 80 °C or
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their nmaxi mum al |l owabl e tenperature prior to integration into the WFC3. The

out gassi ng requirements are specified in Sections 3.1.1 and 3. 2. 2.

4.3.2 Optical Bench

Assenbly of the optical bench nust occur in a class 10,000 cl eanroom The
optical bench, and its conposite wi tness coupons, nust be baked out prior to
integration into the WFC3. The outgassing requirenents are specified in
Sections 3.1.1 and 3.2.2. After bakeout, the bench and coupons nust be bagged
and purged.

4.4 | NTEGRATI ON

The WFC3 must be integrated in a class 10,000 cl eanroom Cl eanroom nonitoring
will include air particle counts, particle fallout rate, NVR accunul ation
rate, and volatile hydrocarbon nmonitoring. |If any cleanroomrequirements are
exceeded, the WFC3 nust be bagged, and work nust not resume until the
cleanroomis returned to a clean state. Work perforned at BALL nust conply

wi th BALL Systens Engi neering Report WC3-SYS-010, “Wde Field Canera 3

Cont ami nati on Control Pl an.”

The WFC3 radi ator surface is a silicate paint. Due to the rough surface
cleaning is difficult. When operations pernit, WC3 nust be draped with
baggi ng material. Wen cleaning is required, this surface rmust be vacuuned by

trai ned personnel only.

Unl ess actively being worked upon during the integration and testing phase,
the WFC3 nmust be purged with nitrogen to prevent particul ate contam nation of
the interior and to control noisture absorption by the graphite honeyconb
structure, dry lubricants, and the graphite IR cold enclosure. Optical
witness mirrors nmust be used to nonitor NVR accumul ation within the

i nstrunent. The WFC3 nust be doubl e bagged when not in a class 10, 000

envi ronnent .

Any materials which nust be added to WFC3 after Thernmal Vacuum (TV) testing
nmust be baked out or be approved by both the BALL CCE and the HST CCE
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4.5 PURGE

4.5.1 Flow Rate

The WFC3 nust be purged with 6-10 ft3 hr of grade B Nitrogen (G\,) per ML-
P27401 (see table 4-1) by an HST purge cart. Once WC3 has conpleted its
last TV test, this may be disrupted for a period no longer than 1 cumul ative
hour in a 24-hour period. The purge nust be nonitored to verify flow once per
covered shift if an autodialer notification systemis not in use.

4.5.2 Certification

The gas supply must be certified to be Grade B nitrogen. This certification
nmust be perfornmed at the house supply outlet or as an “out of the bottle”
certification for bottles. Al purge lines and fittings nust be flushed with
solvent, dried, and verified to neet level 300A internally and Visibly C ean
Highly Sensitive externally. Only Teflon and stainless steel |ines nust be

used downstream of a purge cart.

4.5.3 Maintenance

A purge cart and gas supply are considered a certified purge system when the
gas source has been tested to neet the purge gas requirenents at both the
inlet to the purge cart and at the verification point on the purge cart
outlet Iine, and the purge hardware (inlet and outlet hoses, connectors,

val ves, etc.) neets the internal surface cleanliness requirenents specified
in section 4.5.2.

After a purge system nmeets these requirenents, the extent to which it needs
to be retested depends on subsequent nodifications. Changes not requiring
system |l evel retest are replacenent of lines and fittings with certified

har dwar e, change over fromone certified gas supply to another, and

di scontinuing the flow through a line for | ess then one hour (unless the line
i s capped). Changes nust be perfornmed in accordance with the Science

I nstrument Purge Cart Operating Procedure, P-442-1466.

The purge and purge cart nust be nmaintai ned (nonitored, changed over to
di fferent sources and tested for grade B) by code 540 while at GSFC or KSC
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The purge and purge cart nust be naintai ned by BALL personne

while at BALL facilities.

4.6 | NSPECTI ON AND MONI TORI NG METHCDS

The follow ng inspection and nonitoring nethods nay be used.

Tabl e 4-1:

I nspection and Mnitoring Methods

Air
Particle
Count s

Air particle counts are a neasure of the ampunt and size
distribution of particles in a given volume of air. This is
measured with an air particle counter which pulls air fromthe
envi ronment, separates particles based on size groups, and
counts the nunber of particles in that size group per vol une of
air, typically one cubic foot. FED STD 209 provi des standard
cl eanroom specifications partly based on the anobunts and sizes
of particles present in the air supplied to a cleanroom For
the WFC3 integration and testing, particle counts will be used
to verify that the environments to which the instrument is

exposed are al ways Cl ass 10, 000 cl eanroons (or better).

Col d Fi nger

Cold fingers are used in vacuumtests to provide information
about the nol ecul ar environment of the vacuum chamber at the
end of the test. This is a cylinder of known surface area
that is flooded with LN, at the end of a test. Wen fl ooded
the cylinder resides at ~80 K and coll ects any nol ecul es t hat
hit the cylinder and are condensable at that tenperature. Wen
the chamber is brought back to ambient, the cold finger is
rinsed with a solvent, and the residue is analyzed to deterni ne
its mass and constituents. The results fromcold finger

anal yses are used to deternine if any unexpected nol ecul ar
contam nation is present.

Grade B G\,

As specified by ML-P-27401 for Type |-Gaseous. Gade Bis
99. 99% pure and contains a max of 50 ppm G, 20 ppm Argon, 5
ppm CO,, 5 ppm CO, 5 ppm THC (as CH), and 11.5 ppm HO

NVR Ri nses

NVR rinses are used to determ ne the anmpunt and constituents of

NVR on any surface. For flight hardware, a standard quantity
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of IPAis rinsed over a known surface area on the hardware and
the runoff collected. The rinsate is evaporated and then
anal yzed as described for NVR Wtness Pl ates.

NVR Wt ness

Pl at es

NVR wi t ness plates are flat, polished plates of known surface
area. They are exposed in an environment of interest
(typically either hung or nounted in a stand) and provide a
witness for any surface in the environment on which nol ecul ar
resi due could collect over a period of tine. This plate is
renoved fromthe environnent after a schedul ed exposure
interval and is rinsed with a solvent. The rinsate is collected
and evaporated, and the residue (NVR) is weighed and anal yzed
to determine its constituents.

Particle
Fal | out

Pl at es

Particle fallout plates are placed in an environment of
interest for a specific tinme (dependent on the application) and
are then examined for particle fallout. The plates used at
GSFC are often MIlipore 0.45 nmicron filters inprinted with a
grid, or Silicon wafers. Before these are exposed, they are
read under a microscope in order to get a “pre-exposed”
particle count on the plate. After exposure these plates are
exam ned under a microscope to deternine the number of
particles per in?2in different size groups. A report is

gener ated describing the sizes of and number of particles per
in? as well as a ML-STD 1246 particle cleanliness |level, (50,
100, 200, 400 etc).

SAW

The Surface Acoustical Wave is a device that detects nol ecul ar
accunul ation on its crystal face. An acoustical wave is sent
across the surface of the crystal whose anplitude and frequency
change as it propagates through any foreign material. The end
result is nmuch like the TQCM data, however the wave is nore
sensitive to mass accunul ations than the TQCM and therefore can
be used in air.

Scavenger
Pl ate

Alarge (1 ft?or greater) cryogenic plate sonetinmes enployed in

thermal vacuumtests to collect nolecular contam nation during
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tests. The plate is flooded with LN, for the duration of the
test. This is rinsed at the end of the test for NVR anal ysis.

Tape Lifts Tape lifts are performed as per GSFC 545-W-8072.1.2. Tape is
used to lift particles fromthe surface of a piece of hardware
in an area of interest. A nmicroscope is used to count the
nunber and size of particles. A report simlar to the report
for particle fallout plate is generated, and a M L-STD 1246
surface particle level is reported.

TQCM Theroel ectric Quartz Crystal M crobal ance is a device which
nmeasures the deposition rate of nolecules on the face of a
crystal. The crystal has a vibration frequency that changes as
material is deposited; the output of the device is the

di fference between the frequency of the exposed crystal and the
frequency of a reference crystal. The change in the frequency
over time represents the deposition rate of material on the

crystal.

VCHS+UV As specified in JSC- SN-C0005. This is a subjective inspection
I nspection for particles using the unaided eye at a di stance of 12-18"
fromthe surface of interest. The inspection uses 100 foot-
candles of white light and a W light. VCHS+UWV is roughly

equi val ent to Level 400B per M L-STD- 1246.

4.7 TRANSPORTATI ON AND STORAGE

Unl ess doubl e bagged and certified clean, all hardware nust be cleaned before
entering a cleanroom Surface cleanliness requirenents are listed in Section
3. Before transport of (clean) integrated hardware, items nust be double
bagged using HST approved material. At the clean area entrance the hardware
outer bag nust be renoved. The hardware (in the inner bag) may then be
transported into the clean area. Upon renoval of the hardware fromthe bag, a
vi sual inspection to deternine the cleanliness condition nust be perforned.
Recl eani ng and inspection will occur as necessary. Itens to be stored in an

uncl ean area must be doubl e bagged prior to exiting the clean area.
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4.7.1 Piece Parts

After manufacturing, piece parts must be single bagged for transportation

After cleaning, piece parts nmust be doubl e bagged for transportation

4.7.2 Assenblies

When bei ng transported between clean areas, assenblies containing optics nust
be doubl e bagged and purged by a purge cart. Qther assenblies nust be double
bagged.

Sonme assenblies nust be protected even in clean environments. The popul at ed
optical bench nust be bagged and purged when operations pernt. The coated
radi at or nust be bagged when operations permt.

4.7.3 |Instrunent

VWhen bei ng transported between cl ean areas, the WFC3 nust be doubl e bagged
and purged by a purge cart. Over night and when operations pernmit, WQC3 nust
be draped with bagging material. To ensure the cleanliness of the optics,
the instrument nmust be purged whenever possible. After the final thernal
vacuum test, a continuous purge (max 1 hour downtine per 24 hours) is

required.
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5.0 | NTEGRATI ON AND TEST FACI LI TI ES

The test facilities which will be used for the WFC3 include the High Fidelity
Mechani cal Sinulator (HFMS), space environnent test facilities, the EM
facility, the vibration facility, and the acoustic chanber. The HFMS is a
nmechani cal replica of the HST Aft-Shroud located in the Spacecraft Systemns
Devel opnent and Integration Facility (SSDIF), a Cass 10,000 cl eanroom

5.1 BALL FACI LI TIES

BALL cleanroonms nust be operated in accordance wth the Ball WC3
Cont ami nati on Control Plan and Section 6 of this docunent. GCeneral assenbly
and work areas nust be kept free of debris, clutter, and non-work related

i tens.

5.1.1 d eanroom

The BALL cleanroom designated “5 - 6” shall be used for integration and test
of the WFC3 optics and mechani sns onto the OB..

5.1.1.1 Environnent

The 5-6 cleanroomis a class 10,000 cl eanroom and nust be nonitored per
BPS21. 04 . Studies have shown that the room naintains the follow ng

characteristics:

1. Quiescent air quality < Cdass 10

2. Tenperature 16 < T < 27 C

3.Humdity 25 < RH < 50 %

4.NVR fallout < 0.15 ng/ft? per nonth
5.Particulate fallout < Level 350 per nonth
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5.1.1.2 Mnitoring
Besi des the standard NVR and particulate fallout plates,

at least 2 ON5E mirrors and the SAWdetector may be depl oyed
in close proximty to the WFC3 OB during |&T.

GSFC FACI LI TI ES

5.2.1 SSDIF Integration and Test

5.2.1.1 Environnent

The Spacecraft Systenms Integration and Devel opment Facility (SSIDF) is
a class 10,000 cl eanroom and nust be nonitored per NSI 35-01-205.

St udi es have shown that the room maintains the follow ng
characteristics:

NVR accunul ati on of approximately 0.8 ng/ft? in 3 nonths
Particulate fallout | ess than Level 350/ week (slightly
hi gher near the VEST)

Ai rborne hydrocarbons | ess than 5 ppm

If routine monitoring indicates higher levels of contami nation, the HST
CCE nust be notified, even if the cleanroomoperating linmts are not
exceeded. Monitoring nust be performed in accordance with Table 6-1 of
the WFC3 CCI P

5.2.1.2 Handling

After arrival in the SSDIF cleanroom the roll up door nust be closed,
and the roomnmust be allowed to settle for 30 minutes prior to renova
of the WFC3 inner bag. The WC3 nust be positioned as close to the
HEPA filter bank as possible, and cl eanroom chain nust be used to
designate the WFC3 control area, within which only authorized personne
are permtted. A maxi num of 6 people are pernitted in the WFC3 contro
area when WFC3 is not draped with bagging material. ESD wist straps
are required by all personnel in the control area. Tape cuff sealers
are not permtted due to ESD constraints. Overnight and when
operations pernit, the WFC3 nust be draped with Lumalloy. The WFC3 nust
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be continuously purged using an HST purge cart. Prior to |eaving the
SSDI F, the WFC3 nust be doubl e bagged.

5.2.1.3 Mnitoring

After unbagging in the SSDIF cleanroom two optical witness nmirrors
nust be deployed in the WFC3 control area. Two of the WFC3 traveling
mrrors nust be exchanged for new mirrors. One particle fallout plate
nmust be pl aced i medi ately downstream of WFC3. A white |ight inspection
nmust be perfornmed to verify that WFC3 is Visibly C ean Highly
Sensitive. If the optical witness mirrors which traveled with WFC3 show
nore than 1% degradation, the CCE may require an NVR rinse to be
perfornmed on WFC3.

The fallout plate nust be exchanged and neasured weekly. After baggi ng
the WFC3 for transport to another facility, the two SSDIF mrrors nust
be measur ed.

5.2.2 HFMS

The Hi gh Fidelity Mechanical Simulator (HFMS) is a replica of the Hubble
Space Tel escope (HST) internal structure. The nmjor conponents of the HFMS
are the Main Ring Sinmulator (MRS), the Focal Plane Structure Sinmulator
(FPSS), and the Aft Shroud Mockup (ASM. The HFMS is located in the SSDF
cl ass 10, 000 cl eanroom

5.2.2.1 Environnment

The HFMS Interior nust have a surface cleanliness |evel of Level 400B
per ML-STD 1246B. There are no exposed bare al um num surfaces in the
HFMS, and operations whi ch expose bare al umi num are prohibited while
the WFC3 is present. To mininize particulate contanmi nation of the
optics, the Hub area unused radial bay openings are seal ed by renpvabl e
inserts, and a debris shield is attached to the ASM and MRS such t hat
the gap between the two is conpletely covered. A renovable cover is

pl aced over the central opening in the MRS to prevent particul ate
fallout into the hub area (for the purposes of optical tests, this
cover nust be an optical w ndow). The doors to the ASM nust be kept

cl osed except during operations requiring access to the HFMS interior.
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The surface cleanliness |evel requirenent for the ASM external surface
is Visibly Clean, H ghly Sensitive (VCHS).

A control area nust be established around the HFMS. Personnel entering
the control area nust walk on a tacky nat. A cleaning station nmust be
pl aced at the perineter entrance for recleaning of tools which are

cont am nat ed during use

5.2.2.2 Handling

Optical test equipnent, such as video caneras, nust neet Level 400 if
they are to be used inside the HFM5, and VCHS if they are to be used

external to the HFMS. GSE which nust contact the interior or the WC3

nmust be cl eaned to Level 400B

During operations in which personnel are accessing the interior of the
HFMS, a maxi num of 5 persons nust be permtted on the scaffol ding

i medi ately adjacent to the HFMS; no nore than 2 persons nust be inside
the HFMS Aft - Shroud Mockup. |f the maxi mum nunber of personnel nust be
temporarily increased, the CCE nust be present to nonitor operations.
Per sonnel access to the area between the HFMS and the HEPA filters nust
be minimzed because particles can be carried downstreamto the HFMS

ESD wist straps are required by all personnel in the control area.
Tape cuff sealers are not pernmitted due to ESD constraints. The WC3

nust be continuously purged using an HST purge cart.

These constraints apply to crew training activities as well as routine

testi ng.

5.2.2.3 Mnitoring

Prior to use with the WFC3, the HFMS interior nmust be inspected. As a
m nimum tapelifts and sol vent wash/swab anal ysis nust be perforned on
the following areas: the ASMinterior, equipment shelf, and the Science
I nst rument Support Structure (SISS)

Duri ng use, the Hub area nol ecul ar fallout nust be nonitored
continuously by a Tenperature Controlled Quartz Crystal M crobal ance
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(TCM. In addition, a witness mirror nust be exposed in the vicinity
of the TQCM If any HFMS interior hardware or the ASMinterior is
nonconpliant with cleanliness requirenents, WC3 testing nust cease
until the hardware has been cl eaned and reverified. The WFC3 nust be
protected as directed by the Contam nation Control Engi neer (CCE)
during the reverification process. If the exterior of the ASMis
nonconpliant with cleanliness requirenents it rmust be cl eaned and
reverified. Any sudden increase in TQCM frequency must be reported to
the CCE i medi ately. At the end of each day, the HFMS interior nust be
i nspected to Visibly Clean Highly Sensitive.

After WFC3 renoval fromthe HFMS, the HFMS interior nust be recl eaned
and inspected. WFC3 nust be inspected to VCHS, and nust be vacuuned if
necessary. Because the HFMS is located in the SSDIF, and HFMS testing
is of short duration, no changes to the WFC3 witness mirror nonitoring

are required.

5.2.3 Vacuum Chanber 290 (WFC3 Thernmal Vacuum Test)

The thermal vacuum testing provides an environment to neasure and verify the
internal and external outgassing rate of the WC3 instrunent. Speci al care
nust be taken in order to ensure the WFC3 is not contam nated during this TV
test and to ensure the outgassing neasurenents can be made accurately The
Space Environnent Sinulation (SES) Chanber will be utilized. This chanmber is
a 27 foot dianeter, 40 foot high vacuum chanmber equiped with a renovable top,

a downfl ow HEPA filtered air supply, and a cleanroomentry for personnel

5.2.3.1 Environnent

The chanber 290 cl eanroom and chanber nust be certified as a cl ass
10, 000 environnment prior to the start of the GSE/ Chanber Pre-test
Qut gassing Certification. Then the chanber payl oad stand rnust be
cl eaned and verified to VCHS+UV.

5.2.3.2 Handling
Once the WFC3 is outside the 290 TV Test Facility, the WFC3 and Ther nal
Bal ance (TB) fixture rmust be lifted into chanber 290. Wen the lift is

conpl ete, the purge supply shall be switched to a cart in the chanber
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cl eanroom Wen all hardware has been installed in the chanber and the
chamber 1id has been cl osed, the outer bag nmust be renmoved from the

i nstrunment, and the chanmber nust be allowed to settle for one hour. The
WFC3, TB fixture, and floor nust be inspected and cl eaned to VCHS

bef ore renoving the renmai ni ng bag.

After the WFC3 is inside the chanber, the scavenger plate must be
installed behind the optical stimulus, in the sane location as during
the pre-test outgassing certification. Then one final contam nation

i nspection nmust be perfornmed. Before the door is closed for punp down,
but late in the test set-up flow, 4 TQCMs nust be installed with

direction fromthe CCE or its designee.

The fallout plates nust be renoved as soon as possible after chanber
openi ng. Then the WFC3 nust be doubl e bagged and renoved fromthe
chamber. Once this is conpleted, TV test de-integration activities can

continue without threatening the cleanliness of the WFC3.

5.2.3.3 Mnitoring

Duri ng chanber/ GSE pre-test certification, one silicon wafer fallout
plate will be exposed on the payload cart during the bakeout. At the
conclusion of the pre-test certification, this wafer will be tapelift
tested to verify that particles are not being redistributed by the

backfilling process.

After unbagging in the cleantent, one optical witness mrror must be
depl oyed on the thermal bal ance fixture. One of the WFC3 traveling
mrrors must be exchanged for a new mrror. Two particle fallout plates
nmust be placed on the payl oad cart. The fallout plates nmust be
exchanged prior to chanmber door closure with silicon wafer fall out

pl ates. These wafers will be tapelift tested after door opening at the
concl usion of testing (or during any test interruptions). The w tness
mrror nust be collected after the WFC3 i s bagged at the test

concl usi on.

Air particle counts and vol atile hydrocarbons nust be neasured once per
shift while the WFC3 is exposed on the payload cart. The floors in the
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cl eanroom nust be cl eaned once every 2 days (the frequency may be
changed by the CCE)

5.2.3.4 TV Testing, Qutgassing Measurenments

Four TQCMs must be enployed in the WFC3 thermal vacuumtest and the
GSE/ Chanber pre-test vacuum outgassing certification. They nmust be
able to maintain —20 °C and —65 °C conti nuously. One must be in the
chanmber, above the TV fixture with as nmuch view of the entire contents
of the chamber as possible. Two nmust be nobunted in the back heater
panel of the TB fixture, each viewing a vent: an optics cavity vent and
an electronics cavity vent. The fourth nust be nounted to the front of
the thermal bal ance fixture, viewing the front aperture of the

i nstrument without blocking the view between the stinmulus and the

i nstrument aperture. The TQCMs nust be positioned whenever makes sense

in the set-up activities flow.

Al of the equipnent used in the WFC3 thernmal vacuumtesting nmust be

| oaded into the chanber for a pre-test certification. The pre-test
certification provides the chanber and GSE out gassi ng background so
that an accurate determ nation of the outgassing of the WFC3 can be
made. The pre-test outgassing certification test also verifies that
the GSE will not contaminate the WFC3 during the TV instrunent test.
Al'l GSE nust be vacuum baked at high tenperatures prior to this

GSE/ Chanber out gassing certification and should therefore be clean
However, if any of the GSE is handl ed outside a clean environnent after
this earlier vacuum bake, it nust be re-cleaned. The CCE nmust specify
t he cl eaning procedure for such an occasion. Materials lists for al
GSE nust be provided to 545 to verify conpliance with the ASTM E-595
out gassing screening criteria (as specified in STR-29) well in advance
of the final integration of the GSE. For this pre-test certification
the TQCMs nust read bel ow TBD Hz/ hr for 8 consecutive hours.

The WFC3 nust neet the HST requirenent of 1.56e-9 gnicn?-hr as neasured
on a collecting surface at -20 °C with the WFC3 at 10 °C above its

maxi mum predi cted on orbit tenperature, or in hot operation node. The
TQCM criteria equivalent to that outgassing rate nmust be provi ded by

code 545 after the geometry of the test set-up is finalized. A
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scavenger plate nust be flooded with LN, for the duration of the test,

behind the stimulus to collect any contam nation vented out the back
of the GSE. An eight hour cold finger nust be activated after all the

testing is conplete.

5.2.4 EM Facility

The Large EM Test Facility (LETF) is a horizontal flow cleanroom

5.2.4.1 Environment
The LETF must be operated as a class 10,000 cl eanroom and nust be
nmoni tored per NSI 35-01-205. Studies have shown that the room naintains

the follow ng characteristics:

NVR accumul ati on of approximately 0.2 ng/ft2 in 3 nonths
Particulate fallout |ess than Level 400/ week

Ai rborne hydrocarbons | ess than 5 ppm

If routine monitoring indicates higher levels of contam nation, the HST
CCE nust be notified, even if the cleanroomoperating linits are not
exceeded. Monitoring nust be performed in accordance with Table 6-1 of
the WFC3 CCIP. Cable feedthroughs in the wall of the facility must be

cl osed out with bagging materi al

5.2.4.2 Handling

After arrival in the LETF cleanroom the entry door nust be closed and
the roomallowed to settle for 30 minutes prior to renoval of the WC3
i nner bag. A maximum of 8 people are pernmitted in the LETF when WFC3
is not draped with bagging nmaterial. ESD wist straps are required by
all personnel in the control area. Tape cuff sealers are not pernitted
due to ESD constraints. Overnight and when operations permt, the WC3
nust be draped with Lunmall oy. The WFC3 nust be continuously purged
using an HST purge cart. Prior to |leaving the LETF, the WC3 rmust be
doubl e bagged.
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5.2.4.3 Monitoring

After unbagging in the LETF cl eanroom two optical witness mrrors nust
be deployed in the WFC3 area. Two of the WFC3 traveling mrrors nust be
exchanged for new mirrors. One particle fallout plate nust be placed
downstream of WFC3. A white light inspection nmust be perfornmed to
verify that WFC3 i s VCHS.

The fallout plate nust be exchanged and neasured weekly. After baggi ng
the WFC3 for transport to another facility, the two LETF mrrors nust

be neasured.

5.2.5 Acoustics Facility

5.2.5.1 Environnment
The WFC3 will be installed in the Radial Scientific |nstrunment

Protective Enclosure (SIPE) for the acoustics test. Prior to
installation into the SIPE, the SIPE interior nust be tapelift sanpled
in three places and NVR swab sanpled in two places. C eanliness nust be
at least |level 400A. The SIPE nust al so be cleaned and VCHS+UV

5.2.5.2 Handling

The WFC3 nust be installed and renoved fromthe SIPE in a class 10, 000
cl eanroom The SIPE nust be continuously purged during acoustics
testing, and have the vent flow restrictor in place. Under these

conditions, the SIPE will maintain the cleanliness of W-C3.

5.2.5.3 Mnitoring

Prior to transportation out of the cleanroom one SIPE witness mrror
nust be changed out. After returning to the cleanroom the SIPE witness
mrror nust be changed out again. After renmoval fromthe SIPE, WC3
nmust be inspected to VCHS. If the SIPE witness nmirror shows nore than

1% degradati on, the WFC3 nust be rinse sanpled for NVR

5.2.6 Mass Properties Facility

The mass properties and nodal survey facilities are not environnentally

controll ed.
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5.2.6.1 Environnent
If vibration or nodal testing is required, the WFC3 nust be bagged or

in a cleantent certified to class 10, 000.

5.2.6.2 Handling

The WFC3 nust be doubl e bagged after instrunentation and while in a
class 10,000 environnent. Instrunment |eads nust be brought out of the
bag at a common point. The WC3 nust be continuously purged during the
test, unless this will interfere with the measurenment. If the purge
nust be di scontinued, airborne hydrocarbons nust be verified to be |ess
than 15 ppm before di sconnecting the purge.

5.2.6.3 Mnitoring
If the WFC3 is bagged, no nonitoring of the facility is required. If a
cleantent is used, the tent nust be nonitored per Table 6-1 of this

docunent .

5.2.7 Detector Characterization Lab

The detectors will be tested in the Detector Characterization Laboratory at
GSFC. This facility has been specifically designed to be a cl eanroom and a
light tight detector lab. NSI contam nation is responsible for cleaning and

noni toring both particles and NVRin this facility.

5.2.7.1 Environnent

The lab is a class 10,000 cl eanroom This room must be certified and
nmoni tored per section 6 of the WFC3 CCIP for a mininum of 30 days prior
to the arrival of the WFC3 detectors. Al equiprment in the tent nust be
cleaned to VCHS + WV. Areas of the bench setup which are difficult to
cl ean may be bagged or tapped off. Al equi pment and garnents used in
the DCL will be approved for use in a Class 10,000 cl eanroom Conduct
inthe DCL will be consistent with conduct approved for a C ass 10k

cl eanr oom
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5.2.7.2 Handling

After the detector outer bags are renpved, the detectors nust be noved
into the nitrogen purge box. The detector shall only be unbagged while
on a class 100 lam nar flow bench. The detector purge may be

di sconti nued during the characterization test. As soon as testing is
conpl ete, the detectors nust be doubl e bagged and purged.

5.2.7.3 Mnitoring
The DCL nust be nonitored per section 6 of the WFC3 CCl P

5.2.8 Systens Lab for Alignment and Calibration (SLAC)

The Stinmulus, RIAF, and all associated ground equi pnent needed for optica
alignment of WFC3 will be stored and tested in the SLAC

Al'l components and equi prrent will be cleaned to visibly clean highly
sensitive plus WY and bagged for delivery to the SSDI F where the precision
cleaning will be done in the Precision Ceaning Room The precision cleaned
conponents and equi pnent will then be transported into the SSDI F.

5.2.8.1 Environnent

The SLAC is a good housekeeping area. |If the Stimulus, RIAF, and ot her
optical alignment fixtures nust be used under cl eanroom conditions and
cannot be used in the SSDID, a Clean Tent [Class 10k or less] wll be
constructed inside the SLAC for such use.

5.2.9 Room 150

Sone integration activities may take place in Building 29, Room 150. This
roomw || have a horizontal flow, Cass 10,000 clean tent installed prior to
use by WFC3.

5.2.9.1 Environnent
The flight hardware will only be exposed inside a Cass 10,000 clean

tent. This tent nust be certified and nonitored per section 6 of the
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WFC3 CCIP for a mininumof 60 days prior to the arrival of the WC3
Al'l equiprment in the tent nmust be cleaned to Level 400A or better
Areas of the optical setup which are difficult to clean may be bagged
or tapped off. Conduct in the tent will be consistent with conduct
approved for a O ass 10k cl eanroom

The noni nal anbi ent parameters for this tent shall be:
Flow rate >= 100 feet per minute
Hum dity = 44% +/ - 4%
Tenperature = 68 °F +/- 2 °F

5.2.9.2 Handling

After arrival in the Room 150 clean tent, the roll up “door” must be

cl osed, and the tent nust be allowed to settle for 30 mnutes prior to
renoval of the WFC3 inner bag. A maxi num of 6 people are permtted
upstream of the WFC3 when WFC3 is not draped with bagging material. ESD
wrist straps are required by all personnel in the control area. Tape
cuff sealers are not pernmitted due to ESD constraints. Overnight and
when operations pernit, the WFC3 nust be draped with Lumall oy. The WFC3
nust be continuously purged using an HST purge cart. WC3 nust be
draped before begi nning any crane operations. Prior to |eaving the
SSDI F, the WFC3 nust be doubl e bagged.

5.2.9.3 Mnitoring

After unbagging in the clean tent, two optical witness nmirrors mnmust be
exposed. Two of the WFC3 traveling mirrors nust be exchanged for new
mrrors. One particle fallout plate nmust be placed i nmedi ately
downstream of WFC3. A white light inspection nmust be perfornmed to
verify that WFC3 is Visibly Clean Highly Sensitive. If the optica
witness nmirrors which traveled with WFC3 show nore than 1% degradati on,

the CCE may require an NVR rinse to be perforned on WC3.
The fallout plate nust be exchanged and neasured weekly. After baggi ng

the WFC3 for transport to another facility, the two exposed mrrors

nmust be neasur ed.
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5.2.10 Oher Test Facilities

Wien the WOC3 nust be tested outside a cleanroom environment the flight
har dwar e nust be doubl e bagged with Lunal | oy.

5.3 KSC

5.3.1 Post-Ship checkout (Hangar AE)

Hangar AE is a class 10,000 cleanroom If a different cleanroomis used for

WFC3 post - shi pment checkout, these requirenents must apply to that facility.

5.3.1.1 Environnent

Post shi pnent checkout nust occur in a class 10,000 cl eanroom The
cl eanroom nmust be nonitored in accordance with Table 6-1 of this
docunent. Monitoring nust comence at |east 30 days prior to WC3

arrival

5.3.1.2 Handling

After arrival in the airlock, the airlock doors nust be closed and the
roomallowed to settle for 30 m nutes. Personnel entering the airlock
after the door is closed nmust be wearing cleanroomattire. The shi pping
container lid nust be renpved before the WFC3 is nmoved into the

cl eanroom After the door to the cleanroom has been cl osed, the room
nust be allowed to settle for 30 mnutes prior to renoval of the outer
bag.

WFC3 nust be purged continuously. WC3 nust be doubl e bagged before
| eaving the facility.

5.3.1.3 Mnitoring
After unbagging in the cleanroom two optical witness mrrors nust be
depl oyed in the WFC3 control area. Two of the WFC3 traveling nmirrors

nmust be exchanged for new mirrors. The renmoved nmirrors must be neasured
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at GSFC. One particle fallout plate nust be placed i mediately
downstream of WFC3. WFC3 will be inspected and cl eaned to VCHS+UV. |f
the optical witness mirrors which traveled with WFC3 show nore than 1%

degradation, an NVR rinse nust be perfornmed on WC3.

The fallout plate nust be exchanged and neasured weekly. After baggi ng
the WFC3 for transport to another facility, the two facility mirrors

nmust be neasur ed.

5.3.2 Carrier Integration (PPF)

The Payl oad Processing Facility will be typically operated as a class 100, 000
cl eanroom For a mninum of one week prior to WFC3 shipnent to the facility,

the facility nust be operated as a class 10,000 cl eanroom

5.3.2.1 Environnment

During the week preceding WFC3 integration, the facility mnmust be
nonitored by the CCE to verify that C ass 10,000 cleanliness is being
mai nt ai ned during operations. A facility wal kdown nust be conducted and
possi bl e contam nati on sources nmust be renmoved fromthe cl eanroom
Experi ence has shown that the use of air bearings increases airborne
particulate levels in the vicinity of the bearing. Imediately prior to
any air bearing use while the WFC3 i s unbagged or a SIPE is open, the
floor area which will be traversed nust be danp nopped.

5.3.2.2 Handling

After arrival in the Payload Processing Facility, the Aft Shroud
conponents nust be inspected to 400B. Exterior components nust be

i nspected to VCHS. Prior to bagging for installation in the Canister
(or final M. closeout for covered conponents) the WC3 nust be

rei nspected. WFC3 nust be purged continuously. After installation in
the SIPE, the SIPE nust be purged continuously.

5.3.2.3 Mnitoring
Real tine nonitoring of the particul ate and hydrocarbon |levels in the

facility must be perforned near the SIPE using portable nonitors. After
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the SIPE is opened, and prior to post integration closure, a tapelift
must be taken fromthe interior. The SIPE nust be Level 400A or better
before the WFC3 instrunent nmay be installed. Post integration
verification nust be acconplished by the use of witness plates and
witness mrrors. At |least two particle fallout plates nust be used for
each SIPE integration. The plates nust be placed near the SIPE opening
after the SIPE is opened. These plates nmust be collected as soon as the
SIPE is closed again. SIPE optical wtness mrror changeout may occur

after the integration is conplete.

5.3.2.4 Personnel Constraints

Only those persons required for the integration nmust be pernitted in
the cl eanroom while the WFC3 or SIPE interiors are exposed. Personne
within the cleanroom nust remain as far fromthe open SIPE as practica
for their activity. Persons near the SIPE nust mnimze unnecessary
novenent and activity. As a goal, no nore than 13 people nust be

permitted in the cl eanroomduring the integration

5.3.2 Vertical Processing Facility (VPF)

The WFC3 will not be exposed in the VPF. The SIPE nust be continuously
pur ged.

5.3.3 Payl oad Changeout Room ( PCR)

The WFC3 will not be exposed in the PCR The SIPE nust be continuously

pur ged.
5.4 ORBIT
5.4.1 EVA

To mninmze polynerization of contamination on the WC3 optics, the Obiter
must be in a sun-avoi dance attitude during WC3 changeout. To reduce exposure
to silicones and atom c oxygen, EVA operations shall be practiced to keep the

WFC3 aperture and pickoff mrror pointed away from the ram direction. |If
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t hese constraints are followed, and because the instrument wll be warner
than the shuttle payload bay, mniniml contanination is expected during

translation of the instrunent to HST.

WFC3 has a large open aperture which nust be protected from debris in the
vicinity of HST. The EVA sequence of operations can inpact the particulate
contami nation probability; operations such as exterior M.I changeout should
be scheduled later than the WC3 changeout. If a particle cloud is generated
prior to WFC3 changeout, the contanination engineering team nust be consulted
as to whether an orbit altitude change is required prior to perform ng WC3
changeout .

5.4.2 SMOV

For a period of no less than 4 weeks following installation into HST, the
desorption of surface contam nants, conbined with exposure to UV |light, poses
a risk to the optics. During this period, HST nmust not view the illuni nated
earth (bright earth avoi dance).
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6.0 CLEANROOM OPERATI ONS

To efficiently operate cleanroomfacilities while allow ng the nmaxi mum nunber

of personne

to be present, certain operational requirenments nust be net.

These requirenents are outlined in Table 6-1. The establishnment of the

maxi mum nunber of operating personnel nust be a function of the cl eanroom

requirenents and enpirical fallout and air sanpling results within the

facility. QA and the CCE nust assist in this personnel determ nation. Wen a

tenmporary increase in personnel is necessary, a procedure nust be inplenented

(tenporary procedures nust be verified by Q4. In order to neet the

operati ona

requi renents, the follow ng neasurenment equi prent nmay be needed:

A particle counter

A Total Hydrocarbon Anal yzer (THA)

An | mage Anal yzer

Tenperature, relative humdity (RH), and air velocity nonitors

Sanpl i

ng support hardware

6.1 CLEANROOM RECERTI FI CATI ON

The cleanroomfacilities nmust be recertified if the follow ng conditions

occur.

If the particle count, tenperature, or hunmidity as measured by
t he continuous chart recorder in the cleanroom exceeds the
requirenents specified in Table 6-1 for nore than 30 ninutes, al
work nmust cease in the facility. The facility operator nust

det erm ne when work nmay proceed. At |east two readi ngs nust be

recorded in every eight hour shift.

If any other nonitoring specified in the Table 2 does not neet
the specifications, all work nust cease until the problemis

corrected and verified by QA

Any structural changes to the roomnust require a

recertification.
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Any filter renoval or changeout nust require a recertification.

Any schedul ed and approved mai ntenance to the air condition

syst em nechani cal system occurs.

Al'l hardware nust renmain bagged and all tests and assenbly nust be suspended

when the facility does not neet specifications or is being recertified.

6.2 GENERAL ADM SSI ON REQUI REMENTS

Personnel are the greatest potential source of both particulate and nol ecul ar
contamination. In order to control this source, garnment requirenents, proper
training of personnel, and facility constraints nust be established and be
noni tored by QA

Tabl e 6-1: Operational Requirenents

Envi ronnental Constraint Class 10,000 |Cl ass 100, 000 Monitoring Method
Maxi mum ai rborne particul ate Cont i nuous chart
counts per cubic foot recordi ng
Particles > 0.5 mcron 10, 000 100, 000

Particles > 5.0 mcron 70 700

Tenperature (°F) 68-72 68-72 Conti nuous chart

recording or QA

approved system

Rel ative Hunmidity (% 40- 55 40- 55 Cont i nuous chart
recordi ng or QA
approved system

Maxi mum particle fallout per Level 400 Level 750 Weekl y sanpl es exposed
M L- STD- 1246 averaged over a 7 for one week each
day period
Maxi mum NVR fal | out aver aged <3% < 2.0 ng/ft? | NVRrinse plate
over a one nonth period at 0.1216 mMm
on
a W tness
mrror
Maxi mum t ot al hydrocar bons 15 ppm N A Cont i nuous chart
(met hane equi val ent) recording via THA
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M ni mum positive pressure 0.1 inch H0|0.05 inch HO| weekly

M nimum air flow 90 FPM 80 FPM dai | y

6.2.1 Garnent Requirenents

Proper selection of cleanroomgarnents is essential to the operation and

mai nt enance of a cleanroom C ass 10,000 cleanroom attire rmust consist of a
coverall (bunny suit), hood, booties, facial masks, and C ass 100 nitrile or

| atex gl oves. O ass 100,000 cleanroom attire must consist of a frock

bouffant cap, booties, and latex or nitrile gloves. Solvent resistant gloves
nust be worn when solvents are used. Electro Static Discharge (ESD) wri st
straps nmust be pretested and worn (in contact with bare skin) when working

with static sensitive hardware

6.2.2 Authorized (Trai ned) C eanroom Personnel

Al'l personnel assigned to performwork on the WFC3 in a clean area nust be
properly indoctrinated and trained in cl eanroom procedures. The

i ndoctrination and training nmust include proper dressing procedures, proper
entrance/exit to the cleanroom ESD certification, and proper personne

behavi or.

QA nmust nonitor that personnel have been properly trained. An authorized
access list to the cl eanroom nust be posted near the entrance to the

cl eanroom as necessary for personnel control. If one tine access is required
by a person who is not certified, that person nust be escorted by QA or the
CCE.

Personnel are responsible for personal constraints while working in the
facility. The following is a condensed list of prohibited activities for a
Cl ass 10,000 or Cl ass 100,000 cl eanroom

Cosnetics, after-shave and perfume nust be avoi ded.

Personnel with severe colds (causing coughing and/or sneezing), skin or
respiratory problenms, or using external mnedications are excluded. Any
qguestions should be directed to QA or the CCE
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No food or drink are allowed in the cleanroom This includes candi es.
| f personnel snoke prior to entering the cleanroom they nust wait 15
m nutes and drink sonme water before entering the cl eanroom

Touchi ng of skin, uncovering of hair, or renoval of itens from garnent
pockets while in the cleanroomis prohibited.

Any questions about the above requirenents or any non-listed constraints
shoul d be directed to QA or the CCE. Violation of any of the above

requi renents should be i mmedi ately brought to the attention of QA and the
CCE.

6.2.3 Facility Constraints

Facility constraints also play an inportant role in sustaining cleanroom
requi renents. They include operational requirenents, naximum personnel,
i ntroduction of itens in/out of the cleanroom GSE equi pment, crane

mai nt enance, and good housekeepi ng procedures (cl eanroom mai nt enance).

6.2.3.1 Operational Requirenments
Report all visible contam nation on hardware and work surfaces to
QA or the CCE
Avoi d abrasive naterials, unapproved packagi ng naterial
Ki mM pes, paper core tapes, nasking tape, felt-lined cases,
files, drills, saws, pencils, erasers, crayons, chalk, non-
cl eanroom paper, and manual s. Avoid vinyl filnms, RCAS 2400,
neoprene, etc. If any itenms are of concern, contact the CCE or
QA
Since the floor is considered the nost contaninated surface in
the cleanroom any flight hardware that touches the floor nust be
recl eaned.
VWen drilling, filing, or soldering is required in the cl eanroom
prior approval nust be obtained from QA, the CCE, and the
har dwar e manager. Supervision nust be perforned by QA and the
CCE. A HEPA filtered vacuum cl eaner nust be utilized to capture
smal | particul ates, and a collector bag used to capture heavy

particul ates.
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Avoid, if possible, working over exposed flight hardware or
between the filters and the hardware, especially when optics are
exposed. Proper procedures nmust be inplemented by QA

Seal i ng of bags by heat is discouraged due to nateri al

out gassing. Taping with an approved nmaterial is preferred.

Cl ean refuse containers nust be provided for use within the

cl eanroom for excess debris and to reduce entrance/exit traffic.

6.2.3.2 Maxi mum Per sonne

The maxi mum nunber of personnel allowed in the clean area nust be
posted outside the cleanroomor work area. |f the maxi mum nunber nust
be tenporarily increased, correct procedures nmust be verified by the
CCE and QA to ensure the facility remains within operating

speci fications.

6.2.3.3 |Itens Entering/Exiting the C eanroom
Al'l hardware not prepackaged nust be inspected and, if necessary,
cl eaned before entering the controlled area. The itens nust be
i nspected by QA. All pre-cleaned itens nmust be doubl e bagged and
have verification papers presented to QA or CCE prior to entering
t he cl eanroom
Al'l support itens that are uncleanable or difficult to clean can
be used in a bagged configuration. The outside of the bag nmust be
i nspected and verified as clean by QA CCE
Smal | tools and hand-carried support equi pment must be cl eaned
prior to entrance with nonitoring by QA
Correct procedures for using pass through wi ndows or benches nust
be i npl enmented. Procedures nust be nonitored by QA or the CCE
Large items noved into the cl eanroom nust be schedul ed and
procedures must be reviewed prior to entrance by QA and the CCE
If an itemexits the cleanroom the bag used to bring the item
into the cl eanroom nust be used to renpbve the itemfromthe
cl eanroom The CCE nust designate the area to store such bags

wi thin the cl eanroom and i npl enent procedures prior to exit.
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6.2.3.4 G ound Support Equi pnent

The GSE consists of Mechanical G ound Support Equi pment (MGSE) and

El ectrical Gound Support Equi pment (EGSE). The MGSE covers itens such
as: work platforns, dollies, lifting devices, air pads, nodule
installation equi pnment, specialized tools, slings, and fixtures. The
EGSE i ncl udes the conputers and el ectronics racks. Al GSE nust be

wi ped down prior to entry using conpatible and approved solvents to
attain VCHS exterior surfaces. Sonme GSE (especially optical elenents,
such as theodolites) may have nore stringent requirements inmposed by
the CCE or the responsibl e engineer. |Inspection and approval of GSE
nmust be the responsibility of QA and the CCE

6.2.3.5 Crane Mintenance

Duri ng crane mmi ntenance, all WC3 hardware nust be bagged or covered.
I f bagging or covering is not possible, a debris shield nust be used.

This shield nmust be | ocated above the hook and bel ow the pull eys. The

crane nust use only | ow outgassing lubricants for nmoving parts.

VWere applicable, the bridge area that the crane travels along (both x

and y) must be cleaned once annually to a visibly clean standard | evel.

6.2.3.6 C eanroom Mi ntenance

Cl eanr oom nmi nt enance nust include the foll ow ng.

Est abl i shment of a routine cleaning procedure for daily trash
renoval and for weekly floor cleaning to sustain required |evels.
Covering of all sensitive hardware during cleaning of the room
Cl eani ng equi pnent nust be cleaned to the same cl eanliness |eve
as hardware brought into the cleanroom

Al cleaning materials nust be cl eanroom conpatible (I ow

out gassing and | ow particle shedding).
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ACRONYMS
ASM Aft Shroud Mockup
BALL Bal | Aerospace
CCD Charge Coupl ed Device
CCE Cont ami nati on Control Engi neer
ca P Cont ami nati on Control |nplenentation Plan
CEB CCD El ectroni cs Box
cQem Cryogeni ¢ Quartz Crystal M crobal ance
DEB | R Detector Electronics Box
EM / EMC El ectromagnetic Interference/ Electromagnetic Conpatibility
ESM El ectroni cs Support Modul e
GSE Ground Support Equi pnent
G\, Gaseous Nitrogen
GSFC CGoddard Space Flight Center
HEPA Hi gh Efficiency Particulate Air
HFNMS Hi gh Fidelity Mechanical Sinulator
HST Hubbl e Space Tel escope
IR Infrared
| PA | sopropyl Al cohol
KSC Kennedy Space Center
LETF Large EM Test Facility
LN, Liquid Nitrogen
LVPS Low Vol t age Power Supply
VEB Mai n El ectroni cs Board
MLI Mul ti Layer Insulation
MULE Mul ti Use Light Equi prent
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MPPF Mul ti-Payl oad Processing Facility
NCC NI CMOS Cryo Cool er

NI CMOS Near Infrared Camera / Miulti Object Spectrograph
NVR Non-vol atil e Residue

B Optical Bench

ORU O bital Replacenment Unit

ORUC O bital Replacenent Unit Carrier
PCR Payl oad Changeout Room

PPF Payl oad Processing Facility

ppm Parts Per MI1ion

QA Qual ity Assurance

08 Quartz Crystal M crobal ance

RI AF  Radi al Instrument Alignment Fixture

RH Rel ative Hum dity

SAW Surface Acoustic Wave

SBC Sol ar Blind Channel

SCFH St andard Cubi c Feet per Hour

SES Space Environment Sinulation

S| PE Scientific Instrunent Protective Enclosure

SI SS Sci ence I nstrunent Support Structure

SSDI F Spacecraft Systens Devel opnent and Integration Facility
SWALES Swal es Aerospace

TA Turbo Alternator

B Thermal Bal ance

TBD To Be Determ ned

THA Total Hydrocarbon Anal yzer

THC Total Hydrocarbons

TQCM Tenperature Controlled Quartz Crystal M crobal ance
TV Ther mal Vacuum

w U traviolet
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VCHS

VEST
VPF

WF/ PC

U traviolet/Visible (channel)
Visibly Cean H ghly Sensitive
Vehicle Electronics Sinulation Test facility

Vertical Processing Facility

Wde Field Canera 3
Wde Field / Planetary Canera
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APPENDI X A: OPTI CAL BENCH FABRI CATI ON

The followi ng controls shall be observed during optical bench panel

fabrication:

Suppl i es:
Only use WFC3 approved (and marked) nmaterials
Do not store WFC3 materials or equiprment outside the control area
Renove cuttings / left over paper / msc. stuff before |eaving area

Clean any tools / supplies as they are brought into the area (scissors,

pens, tape dispensers)

Gar nent s:
Make sure hair is fully covered
Don a fresh pair of gloves each tine you enter the WFC3 area

Use pol yet hyl ene gl oves (over the nitrile) when using solvents for nore
than 15 m nutes

Frock, gloves, and hair net are required for all, beard cover for facia
hai r

Access:
WFC3 control area shall be designated with stanchions and chains
No VIP visitors in the control area

Mnimze time that doors are open (especially to the nold rel ease storage
area)

WORK PROCEDURES:

Cover the hardware when not being worked on for nore than 1 hour

After leaving the oven and returning to the work area, nminimze the tine

until conpletion of work (so don’t start sonething that will be left over
t he weekend!)

Cl ean both the bondi ng and outside surfaces of the panels

Bag (tape seal) the panels when conpleted
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during optical bench panel

Mat eri al Suppl i ed By Stored at
Chensoft CE Nitrile d oves WFC3 OB Wrk Area
Pol yet hyl ene d oves WFC3 OB Wrk Area
| PA, HPLC Grade WFC3 OB Wrk Area, excess in
Bonded, Fl amabl e Storage
Acet one, HPLC Grade WFC3 OB Wrk Area, excess in
Bonded, Fl amabl e Storage
MVEK WFC3 OB Wrk Area, excess in
Bonded, Fl ammabl e St orage
Sinple Geen (C ear) WFC3 OB Wrk Area
Ll umal | oy WFC3 OB Wrk Area
Tefl on Peel Ply Manuf acturing | OB Wrk Area
(WFC3 Task)
Kraft Paper Manuf acturing | OB Wrk Area
(WFC3 Task)
ULO Pol yethyl ene Film/ Bags | WFC3 OB Wrk Area
Dei oni zed Wat er WFC3 OB Wrk Area
Sol vent Bottles WFC3 OB Wrk Area
Si gns WFC3 B Wrk Area
Chai ns and Stanchi ons Manuf acturing | OB Wrk Area
St orage Bins WFC3 B Wrk Area
Kapt on Tape (Acrylic WFC3 B Wrk Area

Adhesi ve)

Process Adhesi ves

Manuf act uri ng

SSS Adhesi ve Storage

(WFC3 Task)
Scotchbrite Pads Manuf acturing | OB Wrk Area
(WFC3 Task)
Al pha 10 Cl eanroom W pes WFC3 B Wrk Area
Cart for Peel Ply, Kraft Manuf acturing | OB Wrk Area
Paper, Llumalloy, and

Pol yet hyl ene
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